Gamma-linolenic acid (GLA, 18:3, 9, , an important compound in n-6 eicosanoid family biosynthesis, occurs in the lipids of a few plant and microbial sources. This study focused on the screening of microbial strains with suitable lipase activity for enrichment of GLA by selective hydrolysis of the borage oil (21.6 % of GLA/total fatty acids). Firstly, 352 microrganisms were tested for their lipolytic capacity using screening techniques on agar plates containing borage oil, strains were then selected and screened for their activity (U/mg) using both submerged fermentation (SmF) and solid state fermentation (SSF). The rate of hydrolysis and the selective preference of these hydrolytic enzymes towards fatty acids, with a special focus on enrichment of GLA were studied and compared with those obtained by two commercially-available lipases. Only one of the lipases tested during this study displayed selectivity, discriminating the GLA during the hydrolysis reaction. Using the enzymatic extract from Geotrichum candidum as a biocatalyst of the reaction, it was possible to obtain a percentage of 41.7% of GLA in acylglycerols fraction when the borage oil was treated in a fixed-bed reactor for 24 hours at 30ºC.
INTRODUCTION
Polyunsaturated fatty acids (PUFA) present important actions in physiological functions, therefore intensive efforts have been made to identify the possible effects of eicosapentaenoic acid (EPA), docosahexaenoic (DHA) and gamma-linolenic acid (GLA) in treating some diseases. GLA has been reported to be an effective nutritional supplement to treat premenstrual syndrome (2) , cancer (3), certain skin diseases (11) and hypertriglycemidemia (18) . Several studies have demonstrated a significant role of the dietary ômega-6 PUFA in hypertension treatment (10) . Some processes have been developed for the concentration of these fatty acids to incorporate them in food supplies, since higher animals are unable to synthesize all the fatty acids they need and the dosages necessary to reach the desired biological effect would demand the ingestion of a great amount of oils in their natural forms. Urea complexation (19) , low temperature
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crystallization (7) and supercritical extraction (32) are some optional methods for the enrichment of GLA. However, lipase-catalyzed reactions are an advantageous alternative for this objective since, owing to the high selectivity of some lipases toward unsaturated fatty acids, PUFA can be concentrated in the remaining acylglycerols, with consequent nutritional advantages (6) .
In particular, three plants have become important sources of GLA: borage (Borago officinalis), evening primrose (Oenothera biennis) and blackcurrant (Ribes nigrum). These natural sources generally contain variable quantities of GLA (31) , rarely exceeding 25 % of GLA in the oil (e.g. borage oil).
Among the high numbers of lipases described in the literature, only the enzymes belonging to a few species have been demonstrated to have adequate stability and selectivity to allow routine use for the concentration of PUFA. Some researchers have reported that lipases from Candida species are effective for the enrichment of PUFA via selective hydrolysis (27, 13, 28, 29, 22) . Few studies have been carried out to exploit the capacities of novel microbial lipases to concentrate the content of PUFA in oils (12, 21, 25) . In a preliminary study, we reported that some native lipases provide good results for the concentration of GLA from a fungal oil derived from Mucor sp (4).
In this present study, we describe the selection, by screening techniques, of lipase-producing microrganisms and the preliminary characterization of the catalytic performance of native lipase preparations to concentrate the content of GLA in the acylglycerols fraction in borage oil by selective hydrolysis in a fixed-bed reactor. We used lipase-producing microrganisms, isolated from natural sources, and compared their lipases with commercially-available lipases from
Candida cylindracea and Aspergillus niger as biocatalysts. In addition, a preliminary study with respect to the influence of growing media, enzyme concentration and time reaction in the concentration of GLA in the borage oil of selected lipase was carried out. and Aspergilus niger (Aldrich Chemical Company, Inc., Milwaukee, WI). Low acidity olive oil (Carbonel) and wheat flour were purchased at a local market.
MATERIALS AND METHODS

Chemicals
Isolation and preliminary screening of lipase-producing microrganisms
All the microrganisms used in this study were isolated from soil and fruit samples and collected from Southwest Colonies showing clear zones around them were picked out and used for lipase production.
Lipase production
The production of lipase was studied using both and the supernatants treated with ammonium sulphate (80% saturation). The precipitates were dialyzed overnight against the phosphate buffer pH 7.0, lyophilized and the resultant powder was used as crude enzyme preparation.
Identification of the isolates
Morphological identification of isolates to the species level was accomplished using established procedures (8) and the taxonomic identification was performed by the Centro de Micologia da Universidade de Lisboa, Portugal.
Lipase-catalyzed hydrolysis of the borage oil
The conditions used for the enzymatic hydrolysis reaction were: 12g of Borage oil (22.1% of GLA), 28 g of distilled water, 300 U of enzyme /g of oil, stirring at 500 rpm and a temperature of 30º C. The reaction was conducted using a fixed-bed reactor of 70mL and, to interrupt the reaction, the enzyme was deactivated by heating the reaction to approximately 90ºC for 15 min. All of the lipases selected (native and commercial) were used in the enzymatic hydrolysis reactions fixing a total time of reaction of 24 hours
to verify which present a higher enrichment of GLA.
Assay of lipase activity
Lipolytic activity was determined at 35ºC, pH 
Separation of the free fatty acids and acylglycerols
At the end of each enzymatic reaction, acylglycerols (triacylglycerol (TG), diacylglycerol (DG) and monoacylglycerol (MG)) and free fatty acids (FFA) fractions
were separated according to a modified procedure outlined in previous study (23) . Ten mg of the reaction mixture were then mixed with 70 mL of KOH solution 0.5N (30% ethanol) and the acylglycerols were extracted with 10 mL of n-hexane.
pH was then returned to acid pH (pH above 2) by adding 4 N HCl. The fatty acids present in the aqueous phase were then extracted by adding 100 mL of n-hexane and separated by evaporation.
Fatty acid composition analysis
Both acylglycerols and FFA were converted to methyl esters by treatment with methanol-BF 3 as described by AOCS (Fairfield, OH) and the flow rate was 1 mL/min.
RESULTS AND DISCUSSION
The screening process and the hydrolytic activity of the lipase preparations selected are shown in Table 1 .
Microrganisms (352) Table 1 . Number of microorganisms selected in this study through the screening process and lipolytic activity of the crude enzymatic extracts using olive oil.
Screening step Number of selected microrganisms
Soil and fruit sample isolation 352
Solid medium screening C. cylindracea and G. candidum (20) . G. candidum produces a lipase that demonstrates pronounced specificity for the hydrolysis of esters of a particular type of long-chain fatty acid with a cis double bond at C9 (14) .
In the next experiment, we compared the properties of these native enzyme preparations with those of two commercially available lipases, Candida cylindracea (Sigma)
and Aspergilus niger (Aldrich), since the lipase from Candida cylindracea has been found to be suitable for PUFA concentration in glycerides by the hydrolysis reaction (27, 17) . During the enzymatic hydrolysis reaction of the borage oil by the selective lipases, the concentrations of the TG, DG, MG and FFA were monitored. Figure 1 shows the acylglycerols and FFA contents after 24 h incubation for each lipase employed in the hydrolysis reaction. which is in agreement with other studies (5, 17) .
The compositions of the individual fatty acids in the acylglycerols (TG, DG and MG were analyzed as the only collective fraction) and FFA fractions are summarized in Table 2 . The native lipases were produced in SmF and used as crude enzyme preparation, according to the description in materials and methods. The enzymes were tested using the same lipase activity (U/mg).
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Microbial lipases and production of glycerides The ability of the lipase from commercial C. cylindracea to enrich GLA by selective hydrolysis of evening primrose and borage seed oil was previously reported (27) . Many other reports confirm that C. cylindracea lipase is the most effective for concentrating other PUFAs in glyceride, such as arachidonic acid in oil extracted from Mortierella (22) and DHA in fish oil (28, 29) . In this study, good results were also obtained with native G. candidum lipase (1.8-fold enrichment) used as biocatalyst for borage oil hydrolysis in the unhydrolysed acylglycerols fraction. To decide on the optimal proportion between the amount of G. candidum lipase and borage oil content, the reaction was carried out for 24 h with 104.7 -388.8 U/g of oil, as shown in Table 3 . By increasing the content of the borage oil and, principally, increasing the concentration of the G.
candidum enzyme, a higher enrichment of GLA was obtained in the acylglycerols fraction (~ 42% of total fatty acid). immobilized Candida rugosa lipase in isooctane at 30ºC (13) .
